This study links survey data on scientists' societal perceptions of nanotechnology with publication data to understand the extent of association between societal perspectives held by nanoscientists and publication actions. Specifically, we explore the relationship between scientists' attitudes in two areas and their actions in citing nanotechnology environmental, health, and safety (EHS) publications. This relationship is examined by linking responses from participants in the University of Wisconsin's Nanotechnology and Society Survey of nanoscientists with publication data from the Georgia Tech global nanotechnology database. The likelihood of citing EHS publications is estimated as a function of the two societal perception variables as well as the scientific field and background characteristics such as PhD completion year, tenure-track position, gender, and religiosity. We find that perceptions about moral limits mediate citation actions whereas attitudes toward government regulation have no significant effect.
ERCEPTIONS ABOUT THE RISKS of emerging technologies are important to the research, use, and design of policies associated with these technologies. Most studies of perception of science focus on public perception and address broad categories of social reality. There have also been examinations of scientists as a subclass of the public to show whether their perceptions are different from those of the public at large (Scheufele et al, 2007; Siegrist et al, 2007b) . At the same time, scientists have been found to be in a particularly distinctive position which enhances their influence with respect to emerging technologies. For example, Ho et al (2010a) find that experts place greater weight on guidance by scientists in understanding the risks of nanotechnology than does the public, which looks more to religious beliefs. These studies rarely address the differences within the scientific community by field, background culture, and regulatory frameworks for their work (including mandates and incentives of the programs that fund their work), among other relevant dimensions. Even less attention is given to the extent to which perceptions lead to differences in the way scientists actually behave.
Framing is known to be fundamental to risk perception and the construal of potential consequences or impacts (Schutz and Wiedemann, 2008) . Role differences or slight variations in social positioning can lead to significant framing differences (Rundmo and Moen, 2006) ; contextual differences within science, such as those created by the regulatory and organizational environment in different fields, could have important differential effects on scientists' perceptions of the consequences of emerging technologies. For example, the differences in perception of risk by specialists within various fields may be as great as those between experts and the public (Purvis-Roberts et al, 2007) .
There have been multiple studies focused on public risk perceptions and nanotechnology acceptance levels (Binder et al, 2011; Cacciatore et al, 2011; Ho et al, 2010b; Priest, 2006 Priest, , 2008 Siegrist et al, 2007a,b; Scheufele and Lewenstein, 2005; Lee and Scheufele, 2006; Lee et al, 2005; Scheufele et al, 2009) . However the role of perceptions as an antecedent to nanotechnology policy positions has not been extensively explored for scientists working in the area. Here we will outline the results of the few studies that have explored scientists' perceptions about nanotechnology. Corley et al (2009) found that scientists with greater concerns about the risks associated with nanotechnology were more likely to support regulatory policies, with gender and field effects also noted. Besley et al (2008) studied risk perceptions of US nanoscientists and found that support for regulations is strongest in the areas where the scientists' risk perceptions are highest.
Although there is not a significant amount of research on scientists' risk perceptions about nanotechnology, scholars have explored scientists' risk perceptions about other technologies. For example, Barke and colleagues (Barke and Jenkins-Smith, 1993; Barke et al, 1997) studied scientists' risk perceptions about nuclear energy and concluded that gender and disciplinary affiliation have significant impacts on risk perceptions.
Scientists' perceptions attract particular interest to the extent that they are precursors to action. Yet, the extent to which perceptions mediate scholarly actions of scientists has not been well examined. There are many scientific activities, but one that is prominent is the researching, writing, publication, and citation of scholarly articles. Scholarly articles involve various functions including research conception and design, literature review, data collection, data analysis, and manuscript preparation (Ilakovac et al, 2007; Floyd et al, 1994; Laudel, 2002; Sloan, 1996) . Citation of previous research is potentially incorporated in many of these functions, from being listed in the references, notes, or bibliographies of an article to being a strong influence on how the research is designed and conducted for purposes of replication and confirmation.
There has been work to probe the process and meaning of scientific referencing (see, for example, Garfield, 1998; Bornmann and Daniel, 2008) . One interpretation is that citations in a reference list broadly reflect the flow of knowledge within and across fields (Leydesdorff, 1998) . It also has been argued that research which is highly cited by others is influential in the knowledge domain (Aksnes, 2006) . Merton (1973) suggests that scientific influence reinforces the position of established research leaders, eventually supporting scientific excellence. Porter and Youtie (2009) have used citations as a measure of knowledge transmission across disciplines in the nanotechnology domain. The use of citations as a measure of knowledge transmission and influence is subject to limitation, for example, time lags, selfcitations, negative citations, and referee additions. Within these limitations, citations of prior publications are a commonly used measure of research influence (Garfield, 1973; Narin and Hamilton 1996) .
Notwithstanding how citations are interpreted by others, it is likely that scientists' perceptions about instrumental considerations such as their scientific scholarship and academic career influence their publication behaviors (including their citation patterns). But the influence of less instrumental perceptions about societal considerations is unclear yet important, given the prominent position that scientists have with decision-makers in emerging technologies (Ho et al, 2010a) . Thus it is of interest to examine the extent to which scientists' views about various societal implications of an emerging technology, including risks, influence their scholarly actions, specifically their scholarly citation actions.
Our hypotheses about the relationship between scientists' perceptions and their publication behaviors build on a set of studies that have found significant correlations between attitudinal and behavioral variables. The study of linkages between attitudes and behavior is extensive and crosses many disciplines, including psychology, sociology, economics, and political science. For example, several early studies that explored the attitude-behavior linkage for individuals were spearheaded by Ajzen and Fishbein (Ajzen, 1988; Ajzen & Fishbein, 1980; Fishbein & Ajzen, 1974 , 1975 . More recently, Ajzen (2001) published a comprehensive review of contemporary studies (for the period 1996-1999) that have investigated the impacts that attitudes have on behavior. In 2002, Sparks and Shepherd added to the existing studies on the attitude-behavior link by studying the role of moral judgments in attitude development. They concluded that a perception of moral obligation does have a significant impact on behavior as well as on attitudes.
While the above-mentioned studies have dealt with the general relationship between individual attitudes and behavior, there is also research on the attitude-behavior linkage in specific decisionmaking contexts (such as environmental decisionmaking). As an example, Kaiser and colleagues (1999) concluded that an individual's environmental attitudes were strong predictors for their ecological behaviors. While this environmental literature is too extensive to comprehensively cover here, we recommend Newhouse (1990) or Hines et al (1987) for an overview.
Our article focuses on one type of citation behavior that is likely to be especially relevant to societal views pertaining to risks -the citation of environmental, health, and safety (EHS) studies. EHS studies may examine both positive impacts -such as the ability of a new technology to purify water or treat a disease -or negative impacts -such as the association of new technologies with harm to wildlife or cancer-related symptoms (Youtie et al, 2011) . Articles examining potential negative effects of nanotechnology have particular relevance for our research because of their investigation into possible societal risks to environmental and human health.
We hypothesize that scientists with an orientation toward societal concerns about the effects of emerging technologies will be more apt to bring this attitude into their research -and that this attitude will be associated with the action of acknowledging (by citing) EHS research -than scientists without such a perceptual orientation. We further posit that the discipline of the scientist (operationalized as the fields in which the scientist publishes) and background characteristics such as gender and academic age (e.g. years since terminal degree) will also influence the likelihood of citing this type of EHS research. This expectation draws on the findings of earlier research (such as Barke et al, 1997; Corley et al, 2009; Ho et al, 2010a) where scientists' attitudes about emerging technologies vary by discipline and background characteristics. At the same time, we hypothesize that, when holding these discipline and background factors constant, we will find that views about government protection against risks and the importance of setting moral limits are positively and significantly associated with the likelihood of including a nanotechnology EHS citation in the reference list. In other words, we anticipate finding that scientists' perceptions do influence their scientific behavior.
Method
We examine these hypothesized relationships in the context of the nanotechnology domain. Nanotechnology is an emerging, multidisciplinary technology which has been considered to offer the potential for transformative effects on society and economy (Roco et al, 2011) . Given that it is a science-driven technology, the role of scientists is especially relevant to the development of the domain.
This study draws on two linked datasets to test our propositions. The first is the Nanotechnology and Society Survey -a nationally representative survey of the leading US nanoscientists conducted by mail in May and June of 2007. Conducted by the University of Wisconsin's Survey Research Center, the survey resulted in 363 scientists who returned completed questionnaires for a response rate of 39.5% (AAPOR, 2009: Standard Definition Response Rate RR-3). The survey was administered by mail, in three waves, following Dillman's tailored design method (Dillman et al, 2008) . The design for the sample was based on identifying the first authors and contact authors for the most highly cited nanotechnology publications that were indexed in the ISI Web of Knowledge database between 2005 and 2006. In order to systematically identify nanotechnology publications, we used the bibliometric search approach to defining nanotechnology developed at Georgia Tech through the Center for Nanotechnology in Society at Arizona State University (CNS-ASU). This approach uses a two-stage complex Boolean search (see Porter et al, 2008) . In a review of the performance of this bibliometric search approach, Huang et al (2011) found that it produced results comparable to three other independently developed nanotechnology lexical queries.
To derive the sample population for the 2007 nanoscientist survey, Porter and colleagues produced a database of 91,479 worldwide records of nanotechnology publications published between January 2005 and July 2006, as indexed in the Web of Science, Science Citation Index These records were filtered to remove non-US-affiliated scientists, graduate students, and first or contact authors who were cited fewer than five times in the publication database. The final sample comprised the most highly cited, most active, US-affiliated scientists within the nanotechnology field.
The survey of these scientists included more than 20 questions about topics such as media usage, societal attitudes and viewpoints about nanotechnology, views on science communication, predictions about economic development benefits, and demographic and attitudinal background questions. Three of these questions most directly relate to societal risks and moral considerations (Binder et al, 2011) . The first is a question asking respondents to agree or disagree with a series of statements about risks and morality (four items), as well as eight items about the benefits and the role of government. As we are most focused on risk and morality concerns for this analysis, we concentrate here on the four items which represent these concepts.
The second is a question asking respondents to rank the importance of a series of items concerning risks and moral considerations (two items) as well as another three items that represent the role of government in a hypothetical referendum on funding support. Again, as our analysis concentrates on societal considerations of risk and moral issues, we focus on the two items related to risks and moral considerations.
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The third is a question asking respondents to agree or disagree with a series of predictions about nanotechnology risks. The items in this third question were crafted to produce an additive index of seven response choices to measure predictions about risk.
We took up the four items in the first question, the two items in the second question, and the seven-item additive index from the third question and analyzed these items by examining mean differences in attitudes for those who have cited at least one nanotechnology EHS publication versus those who have cited no nanotechnology EHS publications. The results, presented in detail in Appendix 1, indicate that only two of these mean differences are significant. For the sake of parsimony, and given that the inclusion of these additional variables does not largely change the results of the subsequent model, this study focuses on these two items:
1. A question asking respondents to agree or disagree that the government should protect the public from unknown risks of nanotechnology; and 2. A question about the importance of who is responsible for setting moral limits concerning long-term funding for nanotechnology research.
The second dataset is a set of records that represents studies of the negative EHS risks of nanotechnology. This dataset is a subset of the Georgia Tech global nanotechnology publications database, as noted above (see also Porter et al, 2008) . Studies of the negative EHS risks of nanotechnology are identified using a carefully defined and validated set of search terms. The search terms were developed using several approaches, including: We further synthesized and refined the search terms by applying them to a sample of nanotechnology records from the Web of Science published in 2008. The search terms were applied to the title of the article because applying them to the abstract produced too many out-of-domain articles. The resulting article abstracts were read by social science researchers who had been studying nanotechnology for several years as well as by a nanotechnology EHS scientist. This reading formed the basis for an iterative process of including search terms that brought in mostly in-domain articles and excluding search terms that brought in too many out-of-domain records. The resulting search terms can be grouped into three categories:
 The first represents explicit negative nanotechnology EHS keywords, such as toxicity;  The second stage comprises broader terms that are conditional on the appearance of another negative nanotechnology EHS term, for example, the co-occurrence of exposure and hazard;  The third stage represents exclusion terms or keywords that are outside the negative nanotechnology EHS domain such as antimicrobial, which is connected more to positive outcomes.
The resulting set of 36 keywords was applied in a Boolean search to more than 30,000 nanotechnology articles published in 2008; 75% of the records extracted through the aforementioned Boolean search strategy were found to pertain to studies of potential negative nanotechnology EHS effects based on a review of their abstracts. A similar finding was upheld through the application of the strategy to nanotechnology articles published in other years (Carley, 2011) . In total, more than 2,750 nanotechnology EHS articles published from 1990 to 2009 were identified through this approach. Records citing these studies have been further identified and subsequently linked to the scientists who participated in the Nanotechnology and Society Survey. Hereafter we refer to these articles studying the potential negative EHS effects of nanotechnology as nanotechnology EHS publications.
Although Carley (2011) shows that less than 1% of nanotechnology publications from 1990 to 2009 cited these nanotechnology EHS publications, we find that 52% of the scientists in the Nanotechnology and Society Survey cited at least one nanotechnology EHS publication. This difference suggests that the survey respondents may well be more attuned to risk considerations or even that scientists more attuned to risk considerations completed the survey; albeit the survey does include a range of scientists in different age, religious, political, and discipline groups. At the same time, this relatively even split between scientists who cite and do not cite
The relatively even split between scientists who cite and do not cite nanotechnology environmental, health, and safety publications facilitates our ability to explore the characteristics that distinguish the two groups nanotechnology EHS publications facilitates our ability to explore the characteristics that distinguish the two groups.
We further modify the database by removing all responses by nanotechnology EHS scientists, or scientists who have authored or co-authored articles that examine potential negative nanotechnology EHS effects. Thus our sample does not include researchers who are members of the sub-field that would most likely cite EHS articles because nanotechnology EHS is their area of specialization. This exclusion of nanotechnology EHS scientists leaves us with a sample of 301 respondents, of which 43% cited at least one nanotechnology EHS article. These 43% (or 128 respondents) cited 334 nanotechnology EHS articles.
To get a sense of the nature of the nanotechnology EHS articles, Table 1 lists the titles, journals, and publications of nanotechnology EHS articles which the nanoscientists who responded to the survey most frequently cite. Table 1 shows the top articles cited by seven or more survey respondents. Further examination of articles (N = 24) cited by five or more respondents finds that 22 (92%) are within the negative impact nanotechnology EHS domain, while just two articles are not overtly negative impact nanotechnology EHS articles upon review of the article's abstract. Within this range of error, which is common for many large-scale bibliometric databases (Porter et al, 2008) , we are reasonably assured that the vast majority of our articles examine potential negative nanotechnology EHS issues.
Our primary proposition is that nanoscientists' views about government regulation of nanotechnology risks and the importance of setting moral limits are positively associated with their likelihood of citing nanotechnology EHS publications, holding certain field and background characteristics constant which were previously found to be significant in delineating scientists attitudes towards nanotechnology , Ho et al, 2010a . This proposition can be expressed as: Y = X'β + ε ={X1 (scientists' societal views), X2 (field), X3 (background characteristics), error term}, where Y = NANOEHSC, which is a dummy variable, 1= a nanotechnology EHS publication cited, 0 otherwise.
1
The following variables are included in our model:
VIEWREG: A government regulation perception variable measured on a five-point likert scale (1 = strongly disagree, 5 = strongly agree) indicating the extent of agreement that the government should protect the public from the unknown risks of nanotechnology. (From the survey question: 'The government should protect the public from the unknown risks of nanotechnology.') VIEWMORAL: A science communication perception variable measuring the importance respondents would place (in a hypothetical referendum on longterm funding for nanotechnology) on being informed about who is responsible for setting moral limits, using a five-point ranking scale (1 = least important, 5 = most important). (From the ranking of 'Who is responsible for setting the moral limits?' on the survey question: 'If there was a national referendum on long-term funding for nanotechnology research, which would be the most important areas that citizens should be informed about before casting their vote?') As noted in the previous section of this article, the first two variables represent two different societal dimensions about nanotechnology. The first reflects views about the role of government in protecting the public against unknown risks of nanotechnology and the second reflects views (in a hypothetical referendum about long-term support for nanotechnology) of the importance of being informed about who will be responsible for setting moral limits of the technology. The field variables, which represent only physical and biological sciences in the nanotechnology domain given that the survey was sent to these types of nanoscientists, are based on publication patterns, rather than on the degree specialization or department. Although degree specialization and departmental affiliation have been used to measure discipline or field effects, these variables are subject to a lack of standardization and potential lack of relationship to current scholarly activities; indeed Rafols and Meyer (2007) find these affiliation-based indicators to produce inconsistent disciplinary measures of cognitive knowledge flow compared to publication writing or instrumentation indicators.
The field variables are based on the Institute for Scientific Information's journal subject categories in which the respondent most commonly publishes. Journal subject categories have become a standard for representing disciplines in many studies of publication patterns as well as in the National Academies Keck Futures Project (Porter and Youtie, 2009; National Academies, 2005) . Each scientist in our analysis is assigned to only one journal subject category based on the subject category in which the scientist most commonly publishes. In our model, we leave out a dummy variable associated with the computer science and engineering fields, which are represented in the baseline results. The third set of variables represents respondent characteristics that have been shown to be important in previous studies of scientists' perceptions about nanotech, including gender, age (represented here by year of completion of the PhD), whether or not the respondent has a tenure-track position, and religiosity. Table 2 presents the descriptive information about the variables. Table 2 shows that the average respondent is more apt to have agreed that the government should protect the public from unknown risks of nanotechnology (mean = 3.16) than to have indicated that it is important who is responsible for setting the moral limits in a referendum on longterm support for nanotechnology (mean = 2.69). When we examine the distribution of responses in these two variables according to whether or not nanotechnology EHS publications were cited (NANO-EHSC), we see substantial differences between the two citation groups (see Figure 1) .
Results
Regarding VIEWREG, nanoscientists who did not cite nanotechnology EHS publications had a modal response in the middle of the distribution, indicating that they neither agreed nor disagreed that the government should protect the public from unknown risks; in contrast, those who did cite nanotechnology EHS publications had a larger share of responses toward the agreement end of the distribution. Likewise, the VIEWMORAL variable shows divergent distributional patterns, with those not citing nanotechnology EHS publications having more responses toward the 'less important' part of the distribution, and those citing nanotechnology EHS publications having responses relatively evenly split across the scale. Based on a difference of medians test between those citing nanotechnology EHS publications and those not citing these publications, these differences are not statistically significantly for VIEWREG at p < 0.05 level (although they are statistically significant at the p < 0.10 level) but they are statistically significant for VIEWMORAL at p < 0.05 level.
More than two-thirds of the respondents are in the chemistry and materials science fields. There are a range of academic 'ages' represented in the sample, with 62% of the scientists working in tenure-track positions; 14% of the sample is female, and the average respondent is moderately guided by their religion in everyday life. A correlation matrix was developed to examine the extent of association between the covariates in the model (see Table 3 ). All correlation coefficients were found to be relatively small. Results of our estimations are shown in Table 4 . The likelihood ratio chi square is statistically significant and McFadden's pseudo R 2 is 0.125. More than 63% of the NANOEHSC observations are correctly classified by the model, based on an average of positive and negative predictive value percentages. Although these figures suggest that the likelihood of citing a nanotechnology EHS article is weakly predicted by this model, the model's likelihood ratio chi square is still statistically significant.
Regarding the covariates representing views on government regulation of nanotechnology risks and the importance of setting moral limits in relationship to NANOEHSC, we observe a significant and positive relationship between the VIEWMORAL variable and the probability of citing a nanotechnology EHS publication, whereas the VIEWREG coefficient is not significant. Table 5 shows the marginal effects of the probit, computed at the means of the independent variables. The marginal effects of the moral limits covariate are evident. Increasing the importance of who is responsible for setting the moral limits is associated with a 6% increase in the probability of citing a nanotechnology EHS publication, holding the rest of the variables constant.
We also observe field and background effects on the probability of citing a nanotechnology EHS publication. The materials science (MATERIALS) and physics (PHYSICS) variables are significantly negatively associated. Being in the MATERIALS or PHYSICS fields reduces the probability of citing a nanotechnology EHS publication by roughly 40% (compared to those in the computer science or engineering fields which constitute the baseline category). Among the background characteristic covariates, YEARPHD is significant and positively associated with NANOEHSC. This finding suggests that recent doctoral graduates have a higher probability of citing nanotechnology EHS publications than their earlier counterparts, although marginal effects are small (0.7%). The gender coefficient is significant as well, indicating male scientists are more apt to cite nanotechnology EHS publications than are females. Working in a tenure-track position also is positively associated with NANOEHSC. GENDER and TEN-URE increase the probability of NANOEHSC by more than 20%. The RELIGION coefficient is not significantly associated with NANOEHSC.
Conclusion
This article has examined the relationship between nanoscientists' societal responses and research actions to include nanotechnology EHS publications in their cited references. It presents a distinctive merging of two different data sources: survey data on nanoscientists' societal attitudes and bibliometric data on citation patterns. The extent to which personal values and perceptions about societal issues affect the practice of research is important for several reasons. Research scholars are often treated as trusted experts in new scientific and technological areas (Ho et al, 2010a) . Researchers also often are trusted to conduct their work based on scientific methods separately from societal viewpoints. Even though it may be difficult to separate societal viewpoints from scientific approaches, this is a commonly held notion.
This article addresses this notion through examining two dimensions of societal response and one aspect of the scientific process, the decision to cite particular references. We acknowledge that perceptions and attitudes about new technologies are multidimensional (Binder et al, 2011) . Thus our concentration on two aspects of societal response is a limitation of the current study and pathway for future research.
In this study, we hypothesized that views held by nanotechnology scientists about government roles and moral limits would be proxies for perceptions and positions that would influence their scientific citation behavior. Overall, we do not detect that such 'non-scientific' views have an overwhelming influence compared with other factors examined. There is a small yet significant influence of views about the importance of communicating responsibility about who is responsible for setting moral limits on the likelihood of citing nanotechnology EHS research. However, views about the role of government and its safeguards against the unknown risks of nanotechnology are not significantly associated with nanotechnology EHS citation behavior.
We recognize the limitations posed by focusing on cited references, and acknowledge that this is only one of multiple means to trace links between scientists' perceptions and their behavior. The use of citations does have the advantages of being traceable using published sources and the inclusion of any citation is subject to justification and review. Yet, we recognize that a range of factors may result in the inclusion of a cited reference in a scholarly article, both under the control of the author and at the request of the reviewer. Bornmann and Daniel (2008) contrast scientific impact versus social constructivist explanations for why certain literature is cited. They raise seven factors that influence the extent to which a citation represents scientific impact or social psychological processes:
 Time-dependent factors;  Field-dependent factors;  Journal-dependent factors;  Article-dependent factors;  Author/reader-dependent factors;  Availability of publications; and  Technical problems in correctly citing references.
Within this body of research on citation motivations, our findings make a contribution by giving consideration to the role of author factors, specifically Note: * significant at 10%; ** significant at 5%; *** significant at 1% Certainly there are other factors involved in citation actions besides societal responses, as evidenced in the weak albeit statistically significant model presented here. In this article we explored several of these factors, including the nanoscientists' field and background characteristics. Both were important in the EHS citation action, especially whether the respondent is a male and in a tenure-track position, and not in materials science and physics. Additional perceptual and behavioral considerations would presumably figure prominently in the citation decision, for example those having to do with the research process and academic career trajectory.
The role of perceptions about moral limits reminds us that scientists are still part of society. Scientists take varying positions pertaining to the importance of setting moral limits and, as suggested in this study, these positions have a significant, albeit small, affect on their actions not only as citizens, but also in how they conduct science. While scientists are able to separate societal responses to some degree from their scientific behaviors, the influence of societal responses on research practice is an issue that should be taken into consideration in the monitoring and use of future research. 
